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©  Process  and  reactor  for  carrying  out  non-adiabatic  catalytic  reactions. 
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©  In  a  process  for  carrying  out  non-adiabatic  cata- 
lytic  reactions  in  a  tubular  heat  exchange  reactor 
(10)  by  indirect  heat  exchange  between  a  process 
stream  and  a  heat  conducting  medium,  the  wall 
temperature  at  the  critical  outlet  end  of  the  reactor 
tube  is  decreased,  by  progressively  supplying  the 
heat  conducting  medium  to  the  external  surface  of 
the  reactor  tube  in  increasing  amounts  from  a  region 
close  to  the  outlet  end  to  a  region  between  the  outlet 
end  and  the  inlet  end  of  the  tube. 
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This  invention  relates  to  a  process  and  reactor 
for  carrying  out  catalytic  reactions,  and  more  par- 
ticularly  to  a  process  and  reactor,  wherein  a  pro- 
cess  stream  is  non-adiabatic  reacted  in  indirect 
heat  exchange  with  a  heat  conducting  medium. 

Non-adiabatic  catalytic  reactions,  such  as  the 
endothermic  steam  reforming  of  hydrocarbons  and 
the  exothermic  methanation  reaction  are  usually 
carried  out  in  reactor  tubes  loaded  with  a  catalyst 
bed,  through  which  a  process  stream  of  reactants 
is  forced  at  elevated  pressure.  In  order  to  maintain 
the  reactions  proceeding  in  the  catalyst  bed  at  a 
high  level  and  to  avoid  damage  of  catalyst,  it  is 
necessary  to  control  the  temperature  in  the  reac- 
ting  process  stream  either  by  cooling  or  by  heat- 
ing. 

It  is  known  to  control  temperature  by  indirect 
heat  exchange  between  the  process  stream  and  a 
cooling  or  heating  medium,  flowing  along  a  heat 
conducting  wall  of  reactor  tubes  in  heat  conducting 
relationship  with  the  reacting  process  stream. 

Such  a  process  is  mentioned  in  US  Patent  No. 
4,162,290,  wherein  during  a  sequence  of  primary 
and  secondary  reforming  a  portion  of  the  hydrocar- 
bon  feed  is  heated  in  a  tubular  heat  exchange 
reactor  by  indirect  heat  exchange  with  hot  effluent 
gas  from  the  secondary  reforming. 

A  type  of  heat  exchange  reactor  presently  used 
in  industrial  applications  is  the  bayonet  tube  reac- 
tor.  Conventional  bayonet  tube  reactors  consist  of 
an  inner  tube  coaxially  arranged  in  an  outer  sheath 
tube.  Catalyst  particles  are  loaded  in  an  annular 
space  defined  between  the  walls  of  the  inner  tube 
and  the  outer  tube.  A  process  stream  of  reactants 
is,  thereby,  reacted  by  passing  the  stream  through 
the  catalyst  in  heat  conducting  relationship  with 
heat  conducting  medium  flowing  externally  along 
the  wall  of  the  sheath  tube.  When  used  in  heat 
requiring  endothermic  reactions,  necessary  heat  for 
the  reactions  in  the  process  stream  is  supplied  by 
a  hot  fluid  flowing  in  counterflow  and  indirect  heat 
exchange  with  the  process  stream  in  the  tube. 
Having  passed  through  the  catalyst,  the  reacted 
process  stream  impinges  against  the  closed  end  of 
the  outer  tube,  where  the  stream  reverses  its  direc- 
tion  to  the  inner  tube  of  the  reactor,  and  is  then 
withdrawn  from  the  reactor  as  product  stream. 

Use  of  bayonet  tube  reactors  in  steam  reform- 
ing  of  a  hydrocarbon  process  stream  is  disclosed 
in  European  Patent  Application  No.  334,540  and 
GB  Patent  Application  No.  2,213,496.  By  the  dis- 
closed  processes  a  hydrocarbon-steam  stream  is 
reformed  in  bayonet  tube  reactors  by  indirect  ex- 
change  between  hot  gas  flowing  at  the  outside  of 
the  bayonet  tubes  and  the  process  stream  passing 
through  the  catalyst  inside  the  tubes  in  counterflow 
to  the  hot  gas.  Further  heat  for  the  endothermic 
reforming  reactions  is  supplied  by  the  hot  product 

stream  of  reformed  hydrocarbons  being  withdrawn 
from  the  reactor  through  the  inner  tube  in  counter- 
flow  and  indirect  heat  exchange  with  the  process 
stream  in  the  annular  space. 

5  A  bayonet  tube  heat  exchange  reactor  with 
enhanced  heat  exchanging  properties  is  described 
in  European  Patent  Application  No.  194,067.  Heat 
exchange  between  heat  transferring  hot  gas  and  a 
process  stream  is,  thereby,  increased  by  providing 

io  the  inner  tube  of  the  bayonet  tube  with  an  insula- 
tion  limiting  the  heat  exchange  between  the  prod- 
uct  stream  and  the  process  stream.  The  tempera- 
ture  of  the  process  stream  is  thereby  decreased, 
which  results  in  a  greater  temperature  difference 

75  between  the  process  stream  and  the  hot  gas  and 
thus  in  increased  heat  transfer  from  the  hot  gas  to 
the  process  stream.  As  further  mentioned  in  this 
reference  highly  intense  heat  exchange  is  obtained 
when  passing  the  hot  gas  in  counterflow  to  the 

20  process  stream  through  a  sheath  surrounding  the 
inlet  end  of  the  reactor  to  a  region  close  to  the 
outlet  end. 

The  above  heat  exchange  processes  and  reac- 
tors,  in  which  a  process  stream  is  converted  by 

25  heating  the  stream  with  hot  gases  flowing  exter- 
nally  and  in  counterflow  with  the  stream  inside  a 
bayonet  tube  reactor,  provide  an  improved  process 
economy  by  using  counterflow  heat  exchange  be- 
tween  heat  transferring  fluids  and  a  process 

30  stream,  however,  none  of  these  processes  and 
reactors  take  precautions  against  critical  param- 
eters  in  reactor  materials.  As  known  in  the  art,  the 
performance  of  industrial  catalytic  reactors  is  not 
only  limited  by  critical  catalyst  properties,  but  also 

35  by  material  parameters,  controlled  by  the  tempera- 
ture  level  and  heat  transfer  through  heat  exchang- 
ing  walls  of  the  reactor  tubes.  Metallic  reactor 
tubes  subjected  to  stress  at  high  temperatures  will 
deform  progressively  at  a  rate,  which  depends  on 

40  the  metallic  material,  the  stress  load  and  the  metal 
temperature.  This  deformation  is  called  creep. 
Creep  may  lead  to  rupture  of  the  tubes  and  thus 
limit  their  lifetime.  Even  small  changes  of  the  tem- 
perature  of  the  tube  material  have  large  effect  on 

45  the  rate  of  creep.  Thus,  by  lowering  the  tempera- 
ture  of  the  tube  wall,  it  is  possible  to  reduce  creep 
in  the  tube  material  and,  consequently,  to  prolong 
the  lifetime  of  the  tube. 

Accordingly,  an  object  of  this  invention  relates 
50  to  the  improvement  in  a  process  for  carrying  out 

non-adiabatic  catalytic  reactions  in  a  tubular  heat 
exchange  reactor,  by  which  process  the  lifetime  of 
the  reactor  tubes  is  increased  through  reduced  wall 
temperatures  in  critical  parts  of  the  tubes. 

55  A  further  object  is  to  provide  a  bayonet  tube 
heat  exchange  reactor,  which  is  useful  for  carrying 
out  the  process. 
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In  accordance  with  the  invention  a  process 
stream  is  catalytically  reacted  under  non-adiabatic 
conditions  in  the  presence  of  a  catalyst  arranged  in 
a  tubular  reactor  with  an  inlet  end  and  an  outlet 
end,  by  passing  the  process  stream  through  the 
reactor  in  indirect  heat  exchange  with  a  heat  con- 
ducting  medium  flowing  externally  along  the  reac- 
tor  tube  in  counterflow  to  the  process  stream,  the 
improvement  comprises  progressively  supplying 
the  medium  to  the  reactor  tube  in  increasing 
amounts  from  the  outlet  end  to  a  region  between 
the  outlet  end  and  the  inlet  end  of  the  tube  and 
thereby  obtaining  a  reduced  wall  temperature  of 
the  reactor  tube  at  the  outlet  end  thereof. 

The  inventive  process  provides  an  efficient  and 
economical  process  for  catalytical  exothermic  as 
well  as  endothermic  conversion  processes  in  a 
process  stream  by  reducing  the  temperature  in  the 
reactor  wall  at  the  critical  outlet  end  of  the  reactor 
tube  through  supplying  the  medium  progressively 
to  the  external  surface  of  the  tube  over  a  large  area 
close  to  the  critical  outlet  end,  which  by  the  above 
reasons  prolongs  the  lifetime  of  the  tubes. 

The  term  "heat  conducting  medium",  used 
herein  before  and  in  the  following,  means  both  heat 
transferring  media,  such  as  hot  flue  gas  from  a 
burner  or  hot  product  gas  from  an  external  process 
unit,  and  heat  receiving  media,  such  as  cooling 
water  or  cold  process  gas. 

When  carrying  out  exothermic  reactions  in  ac- 
cordance  with  the  inventive  process,  like  the  syn- 
thesis  of  ammonia  or  methanol,  or  the  Fischer- 
Tropsch  synthesis,  the  heat  conducting  medium  is 
a  cooling  medium,  which  is  progressively  supplied 
to  the  external  surface  close  to  the  outlet  end  of 
the  reactor  tube.  Thereby,  the  mass  flow  of  the 
cooling  medium  will  become  highest  in  regions  of 
the  inlet  end  of  the  tube,  where  the  exothermic 
reactions  have  their  highest  cooling  demand  due  to 
the  heat  developed  during  the  reactions,  which 
proceed  at  their  highest  rate  in  the  catalyst  at  the 
inlet  end  of  the  tube. 

The  process  of  the  invention  is  in  particular 
useful  in  endothermic  catalytic  processes,  like  the 
steam  reforming  of  hydrocarbons. 

By  the  known  steam  reforming  process  a 
stream  of  hydrocarbons  and  steam  is  catalytically 
reformed  to  a  product  stream  of  hydrogen  and 
carbon  oxides  typified  by  the  following  reactions: 

Cm  +  H20  -  CO  +  3H2  AH  °  298  =  -49,3 
kcal/mole 
CH4  +  2H2Q  -  CQ2  +  4H2  AH  0  298  =  -39,4 
kcal/mole 

When  carrying  out  the  process  in  accordance 
with  the  invention,  the  steam  reforming  reactions 
are  initiated  by  contact  with  a  steam  reforming 

catalyst  in  a  tubular  heat  exchange  reactor  at  tem- 
peratures  above  350  °C.  In  order  to  ensure  a  high 
conversion  of  hydrocarbons,  the  temperature  of  the 
process  stream  is  gradually  raised  during  its  pas- 

5  sage  through  the  catalyst.  Having  passed  through 
the  catalyst  the  reacted  process  stream  leaves  the 
catalyst  at  the  outlet  end  of  the  reactor  tube  as  a 
product  stream  at  temperatures  between  750  0  C 
and  950  0  C.  Necessary  heat  for  the  endothermic 

10  reforming  reactions  proceeding  in  the  catalyst  is 
supplied  by  a  stream  of  hot  gas  flowing  along  the 
external  surface  of  the  reactor  tube  with  an  inlet 
temperature  of  between  1,000°  C  and  1,300°  C. 
The  hot  gas  is,  thereby,  progressively  supplied  to 

15  the  external  surface  of  the  reactor  tube  in  axial 
direction  from  the  outlet  end  to  the  inlet  end  of  the 
tube  within  a  region  intermediate  the  outlet  end  and 
inlet  end.  In  this  way,  the  hot  gas  is  advanta- 
geously  supplied  to  the  external  surface  of  the  tube 

20  over  a  large  area  at  regions  close  to  its  outlet  end 
resulting  in  a  decreased  heat  supply  to  the  tube 
wall  at  the  hot  outlet  end. 

Furthermore,  the  amount  of  heat  transmitted 
from  the  hot  gas  to  the  process  stream  by  forced 

25  convection  along  the  heat  exchanging  wall  of  the 
reactor  tube  increases  from  preferably  about  zero 
at  the  outlet  end  to  a  maximum  value  in  the  region 
at  the  inlet  end  of  the  tube,  having  the  highest  heat 
demand  of  the  process  stream. 

30  The  invention  further  provides  a  bayonet  tube 
type  heat  exchange  reactor,  which  is  suitable  for 
carrying  out  non-adiabatic  catalytical  processes  by 
indirect  heat  exchange  with  a  heat  conducting  me- 
dium. 

35  In  accordance  with  the  invention,  a  bayonet 
tube  heat  exchange  reactor  comprising  an  outer 
tube  with  an  inlet  end  and  a  closed  outlet  end,  an 
inner  tube  coaxially  arranged  within  the  outer  tube 
and  spaced  apart  the  outer  tube,  and  a  catalyst 

40  within  an  annular  space  between  the  outer  and 
inner  tube,  is  provided  with  a  sleeve  externally 
surrounding  the  outer  tube  and  providing  a  conduit 
between  the  sleeve  and  the  outer  tube,  the  sleeve 
having  a  plurality  of  perforations  in  a  region  of  the 

45  sleeve  intermediate  the  outlet  end  and  the  inlet  end 
of  the  outer  tube  for  progressive  supply  of  a  heat 
conducting  medium  to  the  conduit  and  the  external 
surface  of  the  tube. 

The  region,  wherein  the  sleeve  is  provided  with 
50  perforations,  may  constitute  of  between  5  and  75%, 

preferably  of  between  1  0  and  50%  of  the  length  of 
the  sleeve  in  the  region  between  the  outlet  and  to 
the  inlet  end  of  the  outer  tube. 

Depending  on  the  reactions  being  carried  out 
55  in  the  reactor  and  the  demand  of  heating  or  cool- 

ing,  thereby  involved,  it  may  be  preferred  to  pro- 
vide  the  sleeve  with  further  a  plurality  of  perfora- 
tions  in  a  region,  where  the  sleeve  surrounds  the 

3 
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closed  outlet  end  of  the  outer  reactor  tube. 
The  perforations  ensure  progressive  supply  of 

the  heat  conducting  medium  to  the  reactor  tube 
near  or  at  its  closed  outlet  end,  where  a  large  heat 
flux  and,  consequently,  a  high  mass  flow  of  the 
heat  conducting  medium  has  to  be  avoided  in 
order  to  reduce  temperature  and  creep  in  the  tube 
wall. 

Furthermore,  a  high  mass  flow  and  thus  an 
extensive  heat  exchange  along  the  external  surface 
of  the  outer  tube  is  advantageously  obtained  in  the 
unperforated  region  of  the  sleeve  adjacent  the  inlet 
end  of  the  tube,  where  the  mass  flow  of  the  heat 
transferring  medium  reaches  its  maximum  value. 

The  width  of  the  conduit  defined  by  the  sleeve 
and  the  external  surface  of  the  outer  tube  may  vary 
between  0.01  and  0.08,  preferably  between  0.02 
and  0.05  times  of  the  internal  diameter  of  the  outer 
tube. 

Having  thus  described  the  invention  in  general, 
further  aspects  and  advantages  will  become  more 
apparent  from  the  following  detailed  description 
with  reference  to  the  drawings  in  which, 

Fig.  1  is  a  longitudinal  section  of  a  reactor  tube 
according  to  a  specific  embodiment  of  the  in- 
vention;  and 
Fig.  2  shows  the  wall  temperature  profile  ob- 
tained  in  the  reactor  tube  of  Fig.  1  compared  to 
the  profile  obtained  in  a  bayonet  reactor  tube 
with  maximum  flow  along  the  entire  wall  of  the 
outer  reactor  tube. 

Fig.  1  shows  in  simplified  form  a  longitudinal 
section  of  a  bayonet  tube  heat  exchange  reactor 
according  to  the  invention.  The  bayonet  tube  heat 
exchange  reactor  10  consists  of  an  outer  tube  12, 
which  is  open  at  its  inlet  end  14  and  closed  at  its 
outlet  end  16.  Within  the  outer  tube  12  is  arranged 
an  inner  tube  18  coaxially  spaced  apart  the  outer 
tube  12.  Inner  tube  18  is  open  at  both  ends. 

Reactor  tube  10  is  further  provided  with  sleeve 
24,  which  completely  surrounds  the  external  sur- 
face  of  outer  tube  12.  Sleeve  24  encloses  a  space 
26  between  the  external  surface  of  outer  tube  12 
and  sleeve  24.  Space  26  provides  a  conduit  for  a 
heat  conducting  medium,  which  is  supplied  through 
perforations  28  in  section  S1  of  sleeve  24  as  fur- 
ther  described  below.  Perforated  section  S1  ex- 
tends  over  a  certain  length  in  sleeve  24  within  a 
region  between  outlet  end  16  and  inlet  end  14  of 
tube  12. 

Process  gas  is  introduced  into  reactor  10 
through  open  end  14  of  outer  tube  12.  The  process 
gas  is  then  passed  through  catalyst  22  arranged 
between  the  walls  of  outer  tube  12  and  inner  tube 
18.  Having  passed  through  catalyst  22  the  gas 
impinges  on  the  tube  wall  at  outer  tube  outlet  end 
16,  where  it  reverses  its  direction  to  inner  tube  18, 
through  which  the  stream  is  withdrawn  as  a  product 

stream. 
Cooling  or  heating  of  the  process  stream  in 

catalyst  22  is  obtained  by  a  heat  conducting  me- 
dium  being  supplied  to  space  26  through  perfora- 

5  tions  28  in  sleeve  24. 
The  heat  conducting  medium  is  introduced 

over  a  large  area  onto  the  external  surface  in  the 
lower  part  of  tube  12  through  perforated  section  S1 
in  sleeve  24  and  flows  within  space  26  along  tube 

io  12  in  counterflow  and  indirect  heat  exchange  with 
the  process  gas  in  the  tube. 

The  medium  flow  increases  in  space  26  within 
section  S1  by  progressively  supply  of  the  medium 
through  perforations  28.  The  medium  flow  reaches 

is  its  maximum  within  region  S2  in  space  26  adjacent 
and  near  the  inlet  end  14  of  tube  12. 

In  the  critical  region  S3  at  the  outlet  end  16  of 
tube  12  heat  exchange  between  the  heat  conduc- 
tion  medium  and  the  process  stream  is  limited  to 

20  radiation  in  that  substantially  no  medium  flow  and, 
consequently,  no  forced  convection  proceeds  in 
space  26  within  region  S3,  which  is  screened  by  an 
unperforated  section  of  sleeve  24. 

25  Example 

In  the  following  the  invention  is  applied  in  a 
computation  model  illustrating  the  advantage  of  the 
inventive  process  during  the  endothermic  steam 

30  reforming  of  hydrocarbons  by  heat  exchange  with 
hot  flue  gas  in  the  reactor  described  above  with 
reference  to  Fig.  1  . 

In  the  computation  model  the  following  dimen- 
sions  of  the  reactor  are  assumed: 

35  Outer  Tube:  length  7  m, 
internal  diameter  120  mm 
wall  thickness  5  mm 

Inner  Tube:  length  6.1  m 
internal  diameter  30  mm 

40  wall  thickness  5  mm 
Sleeve:  length  7  m 

length  of  perforated  section  3  m 
length  of  unperforated  section  4 
m 

45  with  a  perforation  of  1  .5  % 
(diameter  of  perforations  about 
2  mm,  50  mm  pitch) 
length  of  sleeve  and  sections 
are  as  distance  from  the  outlet 

50  end  to  the  inlet  end  of  the  outer 
tube. 
The  sleeve  is  spaced  5  mm 
apart  the  external  surface  of  the 
outer  tube. 

55  132  Nm3/h  of  a  hydrocarbon-steam  process 
gas  are  introduced  at  an  inlet  temperature  of 
520  °  C  into  the  outer  tube  of  the  reactor.  By  pas- 
sage  through  a  conventional  nickel  reforming  cata- 

4 
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lyst  arranged  between  the  outer  and  inner  tube  of 
the  reactor  the  temperature  of  the  reacted  gas  is 
increased  from  the  above  520  °  C  to  800  °  C  at  the 
outlet  end  of  the  outer  reactor  tube.  The  gas  leaves 
the  reactor  through  the  inner  tube  with  an  outlet 
temperature  of  570  °  C  after  the  gas  has  given  up 
heat  by  indirect  heat  exchange  with  the  reacting 
gas  in  the  outer  tube.  Further  heat  to  the  reacting 
gas  is  supplied  by  hot  flue  gas  from  a  burner.  The 
flue  gas  is  supplied  at  235  Nm3/h  with  an  inlet 
temperature  of  1300°C  to  the  sleeve.  The  gas 
enters  at  substantially  the  same  temperature  the 
flue  gas  conduit  between  the  sleeve  end  the  ex- 
terior  surface  of  the  outer  tube  through  the  perfo- 
rated  section  in  the  sleeve  extending  over  a  region 
of  3  meters  from  the  outlet  end  of  the  tube.  Inside 
the  conduit  the  hot  gas  flows  in  counterflow  and 
indirect  heat  exchange  with  the  process  gas  in  the 
outer  tube  of  the  reactor.  After  having  supplied  heat 
to  the  process  gas  the  flue  gas  leaves  the  sleeve 
adjacent  to  the  inlet  end  of  the  outer  tube  with  an 
outlet  temperature  of  620  °  C. 

The  heat  flux  at  the  outlet  end  of  the  outer  tube 
is  by  the  above  process  reduced  from  about 
70.000  kcal/m2  hr  as  in  a  corresponding  reactor 
tube  without  the  sleeve  to  about  20.000  kcal/m2  hr 
in  the  reactor  tube  screened  by  the  sleeve.  Within 
the  region  of  the  perforated  section  in  the  sleeve 
the  heat  flux  increases  from  the  above  20.000 
kcal/m2  hr  almost  linearly  to  about  35.000  kcal/m2 
hr,  because  of  the  progressive  supply  of  hot  flue 
gas  through  the  perforations  in  the  sleeve.  Cor- 
responding  values  for  the  reactor  without  the 
sleeve  and  with  maximum  supply  of  flue  gas  in  this 
region  show  a  linear  decrease  from  70.000  kcal/m2 
hr  at  the  outlet  end  to  about  23.000  kcal/m2  hr 
within  a  distance  of  3  meters  from  the  outlet  end  of 
the  reactor  tube. 

The  temperature  profile  obtained  in  the  wall  of 
the  outer  reactor  tube  by  the  inventive  process  is 
further  shown  in  Fig.  2  in  comparison  to  the  tem- 
perature  profile  obtained  in  a  reactor  tube  similar  to 
that  of  Fig.  1,  but  without  sieve  24,  and  thus  with  a 
maximum  supply  of  flue  gas  in  the  region  around 
the  tube  outlet  end. 

As  apparent  from  Fig.  2  the  wall  temperature 
(O)  at  the  tube  outlet  end,  which  is  screened  by  an 
unperforated  section  of  the  sleeve  is  about  100°C 
lower  than  the  wall  temperature  (X)  of  the  tube 
without  such  screening.  In  the  region  adjacent  to 
the  outlet  end,  which  is  surrounded  by  the  perfo- 
rated  part  of  the  sleeve,  the  axial  wall  temperature 
gradient  is  flattened  due  to  the  progressive  supply 
of  hot  flue  gas  within  this  region  resulting  in  less 
extensive  heating  of  tube  wall  around  its  outlet  end 
and,  consequently,  in  a  prolonged  lifetime  of  the 
tube.  As  an  example  the  lifetime  of  a  HK40  tube 
with  an  outer  diameter  of  120°C  mm  and  inner 

diameter  of  110  mm  would  be  increased  from 
8.4*  105  to  9.4*  107  hours  by  decreasing  the  wall 
temperature  from  850  °  C  to  750  °  C. 

5  Claims 

1.  In  a  process  for  carrying  out  non-adiabatic 
catalytic  reactions  in  a  tubular  heat  exchange 
reactor  by  indirect  heat  exchange  between  a 

io  process  stream  and  a  heat  conducting  me- 
dium,  when  passing  the  process  stream 
through  the  reactor  tube  in  counterflow  with  the 
heat  conducting  medium  flowing  externally 
along  the  reactor  tube,  the  improvement  com- 

15  prises  progressively  supplying  the  medium  to 
the  reactor  tube  in  increasing  amounts  from  a 
region  close  to  the  outlet  end  to  a  region 
between  the  outlet  end  and  the  inlet  end  of  the 
tube  and,  thereby,  obtaining  a  reduced  wall 

20  temperature  at  the  outlet  end  of  the  tube. 

2.  The  process  of  claim  1,  wherein  the  non-ad- 
iabatic  catalytic  reactions  proceed  exother- 
mically  in  indirect  heat  exchange  with  a  cool- 

25  ing  medium  as  the  heat  conducting  medium. 

3.  The  process  of  claim  1,  wherein  the  non-ad- 
iabatic  catalytic  reactions  proceed  endother- 
mically  in  indirect  heat  exchange  with  a  heat 

30  transferring  medium  as  the  heat  conducting 
medium. 

4.  The  process  of  claim  3,  wherein  the  endother- 
mic  reactions  comprise  the  steam  reforming  of 

35  hydrocarbons. 

5.  The  process  of  claim  1  ,  wherein  the  amount  of 
the  heat  conducting  medium  is  increased  from 
about  zero  at  the  outlet  end  to  a  maximum 

40  value  at  the  inlet  end  of  the  reactor  tube. 

6.  A  bayonet  tube  heat  exchange  reactor  com- 
prising  an  outer  tube  with  an  inlet  end  and  a 
closed  outlet  end,  an  inner  tube  coaxially  ar- 

45  ranged  within  the  outer  tube  and  spaced  apart 
the  outer  tube,  and  a  catalyst  within  an  annular 
space  confined  between  the  outer  and  inner 
tube,  which  reactor  being  provided  with  a 
sleeve  externally  surrounding  the  outer  tube 

50  and  confining  a  conduit  for  passage  of  a  heat 
conducting  medium  between  the  sleeve  and 
the  outer  tube,  the  sleeve  having  a  plurality  of 
perforations  over  a  certain  length  thereof  ex- 
tending  from  a  region  close  to  the  outlet  end  to 

55  a  region  between  the  outlet  end  and  the  inlet 
end  of  the  outer  tube; 

whereby  the  heat  conducting  medium  be- 
ing  progressively  supplied  to  the  conduit 

5 
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through  the  perforated  length  of  the  sleeve  and 
flowing  along  the  external  surface  of  the  outer 
tube  in  counterflow  and  indirect  heat  exchange 
with  a  process  steam  through  the  catalyst  in 
the  annular  space  between  the  outer  and  inner  5 
tube  of  the  reactor. 

7.  The  reactor  of  claim  6,  wherein  the  perforated 
length  of  the  sleeve  constitutes  of  between  5 
and  75%,  preferably  of  between  10  and  50%  10 
of  the  length  of  the  sleeve  extending  from  the 
outlet  end  to  the  inlet  end  of  the  outer  tube. 

8.  The  reactor  of  claim  6,  wherein  the  sleeve  is 
further  provided  with  a  plurality  of  perforations  is 
in  a  region  surrounding  the  outlet  end  of  the 
outer  tube. 

9.  The  reactor  of  claim  6,  wherein  the  width  of 
the  conduit  confined  between  the  sleeve  and  20 
the  outer  tube  is  of  between  0.01  and  0.08, 
preferably  of  between  0.02  and  0.05  times  of 
the  internal  diameter  of  the  outer  tube. 
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